values on their ages. Based on the inconsistencies observed in both ages and 27 luminescence patterns of profiles we suggest that these fluvial deposits were 28 not fully reset during their transport. As an explanation, we propose that in the 29
Usumacinta and Grijalva rivers the cyclonic storms during the wet season 30 promote the entrainment of large volumes of sediments due to high-erosional 31 episodes around the basin resulting from hyper-concentrated and turbid flows. 32
We conclude that the PPSL, profiling and full OSL dating of sediments are 33 useful tools to quantify and to assess the depositional patterns in fluvial 34 settings during the Holocene. These techniques also can yield information 35 about sites where increases in the sediment load of rivers may produce poorly 36 resetting of grains affecting the results of OSL dating. 37
Introduction

43
The optically stimulated luminescence (OSL) technique is based on the study 44 of the luminescence emitted by mineral grains after their optical stimulation. 45
Luminescence signals are measured in photons and result from the 46 electromagnetic energy released when excited electrons trapped within 47 imperfections of grain lattices or traps in the gap band return to less energetic 48 positions of the valence band (Aitken, 1995) . The process described occurs 49 when grains are exposed to visible, or nearly close to visible wavelengths of 50 F o r P e e r R e v i e w the electromagnetic spectrum or when grains are heated to temperatures 51 higher than 400 °C. 52
53
In ideal situations for OSL dating, grains must be fully exposed to sunlight 54 during their transport by air, water, and gravity or the grains may become 55 heated at high temperatures. Under these conditions the electrons located at 56 the traps return to the valence band. These grains become "reset", or in other 57 words, the clock is set to zero prior to their burial. It is during the burial time 58 when natural radiation of sediments and/or soils causes the trapping of 59 electrons within mineral grains producing the "charging" of grains with 60 luminescence (Aitken, 1995; . Thus, in a vertical sediment profile 61 containing a sequence of well-reset deposits, where the oldest deposits are at 62 the base of the profile and the youngest are on the top, the pattern of 63 luminescence signals steadily decreases from the bottom to the top of the 64
profile. 65 66
The pattern of luminescence previously described is common in some fluvial-67 dominated landscapes. Lomax et al., (2007) (2015) reported a case in the Lachlan River, Australia (see Fig. 1A ), where the 72 sediments sampled at the bottom of the profile contained more luminescence 73 than those extracted from the top of the profile. Usually, in settings where 74 sediments are well-reset, most of the equivalent doses from different aliquots, 75 F o r P e e r R e v i e w which are needed for the full OSL dating, are within 2 standard deviations 76 (Duller, 2008) . This low scatter is shown in the case of the samples WEH1-1, 77
WEH2-1 and WEH2-3 analysed in the work of Kunk et al., (2013) . These 78 samples were extracted from the fluvial deposits of one of the major rivers of 79 Europe, the Elbe River in Northern Germany. For the case of the Lachlan 80
River, Muñoz-Salinas et al., (2011; 2014) calculated an age with uncertainty of 81 2.43 ± 0.14 ka (SUTL2356) (see Fig. 2A ). 82
83
There are sedimentary processes in which the luminescence signals in 84 mineral grains deviate from the ideal situations previously described. This 85 happens when the grains have not been completely exposed to sunlight during 86 their transport resulting in a partially bleaching of these with some electrons 87 remaining in their traps. In this case the grains are poorly reset and they 88 contain an "inherited luminescence". This process has been inferred from 89 fluvial sediments of different sites (e.g., Galbraith et al., 1999; Duller, 2004 ; 90 Brook et al., 2006) . In this case, the inherited luminescence is stored in the 91 grains and is subsequently added to next processes of electron trapping 92 (Aitken, 1995; Singarayer et al., 2005) . If the conditions described above 93 predominate, the OSL age is overestimated (Duller, 2008) . 94
95
In sites where mineral grains have not been fully reset, it is expected that the 96 trend of the luminescence signals within a vertical sediment profile exhibit a 97 weak correlation with depth or no correlation at all. This is the case analysed 98
by Stang et al., (2012) 
113
In the case of poorly reset deposits, the equivalent doses of most of the 114 aliquots are beyond 2 standard deviations (Duller, 2008) . Therefore, errors are 115 high for age values that end up being the OSL estimate. In a debris flow 116 deposit in Gredos Gorge, central Spain, Muñoz-Salinas et al., (2013) reported 117 an age and uncertainty of 10.7 ± 1.6 ka (SUTL2351; see Fig. 2B ). For the case 118 of Gredos, the uncertainty in the age of the deposit is considerable higher (1.6 119 ka) than the one calculated for the well-reset deposits studied at Lachlan River 120 (i.e. sample: SUTL2356, uncertainty 140 years) (Muñoz-Salinas et al., 2013). 121
122
The examples cited above suggest that the luminescence of sediments may 123 change according to the type of sediment transport. In this paper we study the 124 and assuming that, because the setting corresponds to a fluvial-dominated 129 landscape, the grains are probably well-reset like those previously described 130 for the ideal situations for OSL dating (see Fig. 1A and 2A). Our assumption of 131 finding well-reset grains for the young fluvial deposits of Usumacinta and 132
Grijalva rivers in the floodplain is based on the hypothesis that (1) the grains 133 may have been fully exposed to sunlight during their transport because there 134 is a large distance from the headwaters to the floodplain and (2) since in 135 tropical landscapes the sunlight exposure is high for long hours and there are 136 high rates of solar radiation, the grains are likely to be set to zero prior to their 137 burial time. 138
139
In this study we exploited the OSL technique using three different approaches: 140
(1) the application of a Pulsed Photo-Stimulated Luminescence (PPSL) 141 system, also known as portable OSL reader, (2) the full OSL dating and (3) the 142 profiling OSL method. We use these three methods because these 143 approaches allow (1) the dating of recent fluvial sediments and (2) The rivers Usumacinta and Grijalva form a single river basin, however each 149 river flows separately before joining just ~15 km off the coast of the Gulf of 150 Mexico (Fig. 3) . The headwater of each of the two rivers is located in 151 Guatemala (Hudson et al., 2005) and they mostly flow in the southern part of 152
Mexico, crossing the States of Chiapas and Tabasco. The Grijalva River has a 153 total length of ~640 km and the Usumacinta River is ~1100 km (Day et al., 154 2003) . The Usumancinta and Grijalva river basin (UGRB) is the largest fluvial 155 system of Mexico and it is placed in the number 10 th of the ranking of the 156 major rivers of North America (Benke, 2009 ). The total discharge of the UGRB 157 is ~2,678 m 3 s -1 and its basin area is of ~112,000 km 2 (Benke, 2009) . 158
159
Two main geomorphological units characterize the UGRB: (1) The coastal 160 plain located at the lowlands and (2) the mountain area located at the 161 highlands (Hudson et al., 2005) (Fig. 3) . In the first unit a low relief area 162 consisting of wetlands forms the wide coastal plain of the Gulf of Mexico 163 (Benke, 2009 ) and extends from the coast to ~120 km inland. The main 164 lithology of this geomorphic unit is Cenozoic sediments and rocks. The 165 sediments result from the denudation of the mountainous area. Along the 166 coastal plain, the rivers have high sinuosity and the formation of meanders, 167 oxbox lakes, and chute channels is common. 168
169
The second geomorphic unit is the mountain area which is composed by the 170 (Fig. 3A) . Cretaceous limestones and 174 dolomites compose most of the Sierra de los Cuchumatanes (Marshall, 2007 (Fig. 3B) . trend of well-reset deposits previously described. The goal is to assess if the 228 grains of the fluvial deposits in these two rivers are well-reset, as hypothesized 229 (Fig. 3) and, therefore, OSL can be used to establish a chronology of recent 230 fluvial events. 231
232
The full OSL dating method is based in the conventional OSL dating protocol 233 that use the Single-Aliquot Regenerative (SAR) method, which is used here in 234
order to obtain the age of deposits selected at different depths of four different 235 profiles. The profiling OSL dating is less accurate than the full OSL dating to 236 obtain ages in sediments, in which only the equivalent doses are calculated for 237 the samples. The dose rates in the profiling OSL dating are estimated from 238 sites adjacent to the full OSL dating sites. In the profiling dating it is assumed 239 that the sediment has similar radiation dosimetry than the sediment sampled 240 for the full OSL dating method. We performed the profiling OSL at different 241 depths of the four profiles selected to for the full OSL dating, since the dose 242 rates calculated for the later are also used for the profiling. The samples analysed in this study were extracted at different depths of 247 profiles composed by the deposits abandoned by the Usumacinta and Grijalva  248 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 We sampled a total of nine profiles, five at the Usumacinta River named 265 USU1, USU2, USU3, USU13-1 and USU13-2, and four at the Grijalva River, 266 coded GRIJ-PA1, GRIJ-PA2, GRIJ-PB1 and GRIJ-PB2. In all of the nine 267 profiles we extracted samples for measuring the luminescence using the PPSL 268 approach. We extracted samples for full OSL dating and OSL profiling in only 269 three profiles of the Usumacinta River (USU2, USU13-1 and USU13-2) and in 270 one profile of the Grijalva River (GRIJ-PA1; 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 We performed the sampling of profiles during daylight. In order to prevent the 273 bleaching of the material during its extraction, we covered the profiles with a 274 thick black plastic cloth to darken the surface of the profile. Once covered the 275 surface, we introduced ourselves underneath the cloth and we removed ~5 276 mm of the outer material of the profile to avoid the sampling of sediment 277 exposed to sunlight. Next, we placed a measure tape oriented from top to 278 bottom next to the profile in order to reference the depths from the top where 279 samples were extracted. For the PPSL and the profiling OSL dating, samples 280
were extracted using pvc cylinders of ~3 cm long with ~1 cm of diameter and 281
for the full OSL dating we used pvc cylinders of ~20 cm long and ~5 cm of 282 diameter. Once we extracted the sediment from the profiles using the 283 cylinders, these were wrapped using aluminium foil still inside of the cloth. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w and that was used to stimulate the samples. The PPSL unit has a 298 photomultiplier with U-340 detection filters to measure the Anti-Stokes 299 luminescence received from the stimulated samples that generates photons 300 detected and quantified with high sensitivity using a digital lock-in photon 301 counting method. A total of 130 samples were analysed with the PPSL from 302 the nine profiles selected in fieldwork (i.e. USU1, USU2, USU3, USU13-1, 303
USU13-2, GRIJ-PA1, GRIJ-PA2, GRIJ-PB1 and GRIJ-PB2). 304 305
The material analysed contained ~5 grams of polymineral and polygrain-size 306 sediments. In laboratory, the samples were processed under safe red light to 307 avoid any bleaching of grains at their preparation and subsequent reading. 308
The samples were not chemically treated and were not sieved before being 309 placed in petri-dishes for their stimulation in the PPSL unit. We followed the 310 The full OSL dating method consists of obtaining equivalent doses and dose 316 rates for calculating the age of the deposits (Aitken, 1995; . A total of 8 317 samples were selected for applying the full OSL dating method. These are 318 located at profiles USU2, USU13-1, USU13-2 and GRIJ-PA1. The samples 319 were sent to the SUERC laboratory in UK. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 initially prepared for each sample. However, some aliquots did not yield 333 equivalent doses and for some samples, more aliquots were prepared. Thus, 334 the number of aliquots used for the calculation for the full OSL dating is 335 different from sixteen (see Table 1 ). Each aliquot was placed in a stainless 336 steel disc of ~10 mm mounted with ~200-300 grains of quartz in the fraction of 337 125-250 μm. For grain size selection, wet sieve between 125 and 250 μm 338 was done. In order to dissolve less chemically resistant minerals and to etch 339 the outer part of the grains and to obtain just grains of quartz, the samples 340 were leached with 1M 40% HF for 40 minutes and 1M 40% ClH for 10 341 minutes. The remaining grains were centrifuged in sodium polytungstate 342 solution to separate the quartz fraction from heavy metal grains. The selected 343 quartz fraction was then subjected to further leaching with HF and HCl (1M 344 40% HF for 40 minutes, followed by 1M HCl for 10 minutes). All samples were 345 dried at 50 °C and transferred to Eppendorf tubes. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 calculates a robust mean using Huber's estimate 2. 363 364 Dose rates of irradiation were calculated using bulk quantities of the material 365 extracted from the surrounding perimeter of the tube samples and it was 366 measured using a high-resolution gamma spectrometer. In order to do the 367 dose rate analysis, the material was placed in an oven to dry to constant 368
weight. Approximately 100 g of the dried material from each sample was used 369
for the high-resolution gamma spectrometry measurement. Gamma ray 370 spectra were recorded over the 30 keV to 3 MeV range from each sample, 371 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
for uranium and thorium decay series nuclides was assessed relative to 381 measurement precision, and weighted combinations used to estimate mean 382 activity concentrations (Bq kg -1 ) and elemental concentrations (% K and ppm 383 U, Th) for the parent activity. These data were used to determine infinite matrix 384 dose rates for alpha, beta and gamma radiation (Kinnaird et al., 2012; 2014) . 385
To calculate the final dose rates, the cosmic dose rate contribution was 386 calculated based in Prescott and Hutton (1994) . 387
388
Profiling OSL dating
390
The profiling OSL dating method consists of obtaining apparent ages by using 391 equivalent doses calculated for the sample and dose rates obtained not for the 392 sample but for the adjacent full OSL dating sample extracted from the same 393 sampling profile. Using the profiling OSL dating method it is assumed that the 394 25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
Full OSL dating results
433
The two samples located in the Grijalva River at profile GRlJ-PA1 (SUTL 2508 434 and 2509) show a variable equivalent dose distribution (Fig. 7) . As a result, the 435 ages obtained for these two samples have uncertainties of hundreds of years, 436 as it can be observed in the resulting calendar years of 1120 ± 350 AD 437 (SUTL2508) and 550 ± 270 AD (SUTL2509) ( Table 2 ). There is progression of 438 the two ages with depth since sample SUTL2508 at 0.49 m depth is younger 439 (1120 ± 350 AD) than sample SUTL2509 at 1.36 m depth (550 ± 270 AD). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 River (Fig. 8) . The resulting ages in the Usumacinta River have uncertainties 446 of decades (Table 2 ). In profiles USU2 and USU13-1, the resulting calendar 447 years exhibit older ages at deeper parts of the profile, as expected. In profile 448 USU13-2 the increase of age with depth occurs for samples SUTL2583 and 449
but not for sample SUTL2585, what is located in the bottom of the 450
profile. 451 452
Profiling OSL dating results
453
The equivalent doses obtained for the two aliquots for each profiling sample 454 are presented in Table 3 . From the profiling data (Table 3) it can be observed 455 that in ten of the sixteen samples the difference between the two aliquots is 456 greater than 1 Gy. The mean value of the equivalent doses obtained for 457 aliquot 1 and 2 was used in the apparent age calculation presented in Table 2 . 458
459
In profile GRIJ-PA1 the profiling ages are older with depth as was expected 460 from our initial hypothesis. However if both the profiling and full OSL dating 461 samples are considered for interpreting the whole profile, it can be observed 462 that there is not a clear trend between the age and depth. The uncertainties of 463 ages are of hundreds of years as was also the case for the full OSL dating 464 ages for the Grijalva River. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 decrease of luminescence at different depths of each profile (Fig. 6) . Such a 498 random luminescence trend versus depth was observed in poorly reset 499 sediment profiles, as contrary to the progressive increase of luminescence 500 from top to bottom in well-reset sediments (Fig. 1A) . 501
502
The radial plots including the distribution of equivalent doses calculated for the 503 aliquots prepared for the full OSL dating samples reveal that there is great 504 variability of our data (Figs. 7 and 8) . Also, the equivalent doses for the two 505 aliquots prepared for most of the profiling samples show a large variability 506 (Table 2) . 507
508
The uncertainties calculated for the profiling and full OSL samples based in 509 the equivalent doses and dose rates highlight the large uncertainty in the OSL 510 ages which range from decades to hundreds of years and one of them with a 511 thousands of years (Table 2) . 512 (2015) showed the 518 usefulness in using the PPSL analysis to identify different depositional 519 processes and sediment transport rates of grains in fluvial environments. We 520 cited two types of scenarios of luminescence patterns. In the first one we 521 presented the case of the deposits consisting of well-reset fluvial sediment of 522
Lachlan River in Australia (Fig. 1A) and in the second one we presented the 523 example of a poorly reset fluvial sediment in the Popocatépetl volcano (Fig.  524   1B) . In the first case, the fluvial sediments were transported in dilute flows and 525 in the second one, the fluvial sediments were mobilized in turbid and/or hyper-526 concentrated flows. The luminescence patterns observed in the nine profiles of 527 the UGRB resemble the luminescence pattern observed in the lahar deposits 528 of the Popocatépetl volcano. We postulate that hyper-concentrated transport 529 may be a plausible explanation for the random pattern of luminescence 530 detected on the deposits that compose the young fluvial sediment at the 531 Usumacinta and Grijalva rivers. We propose that using the PPSL analysis is a 532 reliable tool for detecting luminescence patterns in sediments that may be 533 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The application of the full OSL dating method is currently one of the more 544 commonly used methods in many geomorphologic studies. The dating with 545 OSL is a powerful geochronological tool for dating fluvial deposits, which can 546 also provide information about the grade of resetting of the grains by 547 interpreting the radial plots of equivalent doses and by setting their respective 548 uncertainties. In the case of the Usumacinta and Grijalva rivers, the full OSL 549 dating revealed a large variability of the equivalent doses, as a consequence, 550 large uncertainties were obtained for the calculated ages. 551
552
The profiling OSL method is less applied than the full OSL method, since this 553 first technique is less precise for the calculation of ages compared to the full 554 OSL dating. Nevertheless, the dating with OSL profiling has lower costs than 555 the full OSL dating and can be used to identify differences in depositional rates 556 in fluvial landscapes. Muñoz-Salinas et al., (2014) used both the full OSL 557 method and profiling for dating several deposits located at different depths in a 558 well-reset succession of fluvial sediments in the Lachlan River in Australia. In 559 that study, the ages in the profiling and full OSL samples revealed a good 560 trend of luminescence versus depth. However, in the study of the Usumacinta 561
and Grijalva rivers, the profiling method did not provide accurate ages. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w Moreover, the approach revealed inconsistencies in the age of sediment. We 563 postulate the use of OSL profiling is suitable only in sites were deposits 564 contain well-reset sequences along the profiles. In order to prevent 565 unnecessary expenses for either the full OSL dating and the profiling OSL 566 method, the analysis using PPSL is here highly recommended before dating 567 the sediment. 568
569
Poorly reset deposits in the recent fluvial sediments of the UGRB
571
In tropical areas the cyclonic activity is intensified during the summer periods 572 but also the rate and magnitude of the cyclonic activity change every year 573 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w To explore the source of grains we have plotted the maximum PPSL 588 luminescence values in the Usumacinta and Grijalva profiles versus the 589 distance from the basin divide (Fig. 9) . In Figure 9 it can be observed how 590 luminescence values decrease within distance from the divide as grains are 591 exposed to sunlight for longer periods of time. For the case of the Lachlan 592
River (Muñoz-Salinas et al., 2014) , the maximum luminescence values 593 decrease with distance to the divide indicating that the main source of the 594 material deposited by the river came from the mountain area (see in Fig. 9 the 595 of R 2 = 0.56 of IR luminescence signals versus distance from divide). 596
However, in the case of the Usumacinta and the Grijalva rivers the correlation 597 is weak, suggesting that the sediment source may not be from far away (see in 598 Fig. 9 that the correlation for the Grijalva River is of R=0.48 and for the 599 Usumacinta River of R=0.14). We suggest that sediment at the floodplains of 600 the Usumacinta and Grijalva rivers is partially connected in the river system 601 and by hence, most of the sediment is stored at the floodplains of the rivers 602 during some time and it can only be mobilized (and reconnected) during 603 extreme flood events; as it is described by Hooke (2003) . Therefore, grains at 604 the floodplains of the Usumacinta and Grijalva rivers contain mixed reset 605 histories that are highly likely responsible for the variability observed in the 606 equivalent doses in the profiling and full OSL dating samples here. 607
608
The dose rates are also related to the luminescence signals as it was detected 609 from the random values observed in the dose rates of the Grijalva and 610
Usumacinta profiles (Table 2) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 the sedimentation observed in the main channels of the UGRB is less than two 623 thousand years (see Table 2 ). 624
625
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